Abstract
, Ca 2+ and Mg because it is well known that many biological effects (be toxic or nutritional) do not 32 depend on the total concentration of the element in the medium, but on that of the free 33 form or of a group of species. Bioavailability depends on speciation, because different 34 species of a given element diffuse and react with different rates, and only certain species 35 can be taken up directly. 36 Speciation of metal elements is also relevant for wine (Ibanez et al., 2008; Pyrzynska, 37 2007). For instance, Cu (and Fe) speciation is reported to be related to oxidative 38 spoilage and stalling, so various techniques have been employed to pinpoint different 39 forms of these elements in wine (see (Pohl and Sergiel, 2009; Rousseva et al., 2016) and 40 references therein). 41 Additionally, mineral content of wine has been used to authenticate its region of origin 42 (Coetzee et al., 2014). Free metal concentrations are expected to be more specific 43 properties (i.e. more particular of a wine type) than the total concentration 44 measurements, since they will depend not only on the total mineral content, but also on 45 the concentration of ligands present. Thus, free concentrations are well suited as 46 fingerprint markers, not only of a production region but also as ageing (due to the time 47 evolution of compounds present in wine that act as metal ligands) and quality 48 identifiers, another issue of great commercial relevance. 49 There is a need for developing and consolidating techniques that can access the free ion Elemental analysis of the red wine yielded total concentrations: In all the experiments ultrapure water (Milli-Q, Millipore) was employed. by the second factor of the right hand side due to the arising of an electric potential 165 between both solutions. Indeed,
corresponds to the Donnan factor for a monovalent cation, so that for a probe cation of 168 charge z M , its Donnan factor corresponds to the last factor appearing in Eqn.
(1).
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If the activity coefficients are similar in the donor and acceptor solutions, the free 170 concentration of M in the donor solution, can be computed from concentrations as:
In practice, to avoid a slow step due to mass transport, the acceptor and donor solutions 
where F is the Faraday constant, R is the gas constant, T is the absolute temperature and Differential Pulse Polarogram obtained in the same hydroalcoholic medium via: 
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The proportionality factorcan be found from a calibration. The total concentration of K in the acceptor of the replicates with initially "just K" in 269 the acceptor experienced a clear decrease, while no such a change in the "multimetal" 270 acceptors was observed (Fig 3) . To explain this change in the "just K" acceptor, one 271 starts by noticing that the concentrations of the rest of principal cations (Ca, Mg and 272 Na) can only increase in the acceptor due to their initial absence in the acceptor and 273 their trend towards equilibration close to the concentrations of those cations in the donor 274 (see Fig SI-2) . Thus, the required transference of Ca, Mg and Na from donor to acceptor 275 has to be compensated with transference of K from the acceptor to the donor in order to 276 keep electroneutrality. We conclude that K can be used as reference cation in the 277 "multimetal" acceptor configuration, but the "just K" configuration might be unreliable The free concentrations of Ca and Mg in the wine can also be estimated taking K or Na 332 as reference ion (see Table 1 4.5
